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WHAT IS CLAIMED IS: 



1 \ 1. A method of evolving a biocatalytic 

2 activity \of a cell, comprising: 

3 \ (a) re combining at least a first and second 

4 DNA segment from at least one gene conferring ability to 

5 catalyze a Vreaction of interest, the segments differing 

6 from each other in at least two nucleotides, to produce a 

7 library of recombinant genes; 

8 (bff^^strreeiQj^g at least one recombinant gene 

9 from the library that-qonWs enhanced ability to 

10 catalyze the reaction of\Lnterest by the cell relative to 

11 a wildtype |f|rm \of the gene; j 

«bS 12 |c| recombining am least a segment from the at 

13 least one recpmbinknt gene „With a further DNA segment 

g] 14 from the at Viast ohe ge-rie^ the same or different from 

; I: ;;15 the first ana\|seconA^egments , to produce a further 

i*"' 16 library of recombinant genes; 

j*-«17 (d) screening at least one further recombinant 

L|18 gene from the further lVbrary of recombinant genes that 

■Z19 confers enhanced abilityVto catalyze the reaction of 

;:;;2 0 interest by the cell relative to a previous recombinant 

2 1 gene ; \ 

22 (e) repeating (A) and (d) , as necessary, until 

23 the further recombinant genelconfers a desired level of 

24 enhanced ability to catalyze the reaction of interest by 

25 the cell. \ 

1 2. The method of claim^l, wherein the 

2 reaction of Vnt_erest is the ability to utilize a 

3 substrate nutrient source. 

1 ^3 -yA "Tb®— method of clain/l, wherein the 

2 reaction ofintkest is the ability to catabolize a 

3 compound . \ 
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4. The method of claim A l, wherein the 
reactioh of interest is the ability to detoxify a 
compound 

\ 

| 5. The method of clairrf 1, wherein the 
reaction |of interest is the ability to synthesize a 
compound bf interest . 

\ 

16 . The method of claim jk , wherein the 
compound is an antibiotic. 



The method of claim Jk , wherein the 



compound is an amino acid. 
\ 

8. \ The method of claim 4, wherein the 
\ J 
compound is a \pol^ 

y \ 

9/ ^ The method of Vlaim'4, wherein the 
compound iaf a carotenoid 



compound 



compound 




of claim 4, wherein the 



thod ®f claim 4, wherein the 



12. The method of claim 1, wherein at least 
one recombining step^is performed in vitro, and the 
resulting library of ^recombinants is introduced into the 
cell whose biocatalytlc activity is to be enhanced 
generating a library d>f cells containing different 
recombinants . 
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13 * The method of claim ik , wherein the in 
vitro recombining step comprises: 

cleaving the f^rst and second segments into 

fragments ; 
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mixing and denaturing the fragments; and 
intubating the denatured fragments with a 
polymerase under conditions which result in annealing of 
the denatured fragments and formation of the library of 
recombinant gei\es , 

14. the method of claim 1, wherein at least 
one recombining step is performed in vivo. 

15. The method of claim 1, wherein the 

\ ^ 
recombining step id performed in the cell whose 

biocatalytic activity is to be enhanced. 

16. The method of claim 1, wherein at least 
one DNA segment compriWe~s ^cluster of genes collectively 
conferring ability jz6 datalyz^ a reaction of interest. 



17. A Method \of evolving a gene to confer 
ability to catalyfe< 



comprising: 

(1) re 
segments from at 
catalyze a reactiok of inter^ 



;e a reaction oj 



combining\ 
least one 



interest, the method 



at Jfeist first and second DNA 
ren£ conferring ability to 
t, tne segments differing 
o nucleotides, to produce a 



from each other in a^L least 
library of recombinant genes; 

(2) screening at l^ast one recombinant gene 
from the library that confers enhanced ability to 
catalyze a reaction of interest \ relative to a wildtype 
form of the gene; \ 

(3) recombining at least a segment from the at 
least one recombinant gene with a\ further DNA segment 
from the at least one gene, the saftie or different from 
the first and second segments, to produce a further 
library of recombinant genes; \ 

(4) screening at least one further recombinant 
gene from the further library of recombinant genes that 
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confers enhanced ability to catalyze a reaction of 
interest relative to a previous recombinant gene; 

(^) repeating (3) and (4), as necessary, until 
the further Recombinant gene confers a desired level of 
enhanced ability to catalyze a reaction of interest. 
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18. \A method of generating a new biocatalytic 
activity in a call, comprising: 

(1) recombining at least first and second DNA 
segments from at least one gene conferring ability to 
catalyze a first reaction related to a second reaction of 
interest, the segments differing from each other in at 

to produce a library of 

recombinant genes; 

(2) screeridng at leas t\ one recombinant gene 
from the library th^x fconfers a newV ability to catalyze 



the second reaction of Unterest, 

(3) refcombinUng at leaf 
least one recombinant gene with a 



one gens 



the 



its. 



\ 

a segment from at 
[rther DNA segment 
or different from 
5duce a further 



.nant gene^ 
reening at\l^ast oi 
sr library of rec< 



catalyze 



from the at least 
the first and second segme 
library of recomt 

(4) s 
gene from the furt 
confers enhanced abil^t 
of interest in the cell relati 
recombinant gene ; 

(5) repeating (3) an& (4), as necessary, until 
the further recombinant gene confiers a desired level of 
enhanced ability to catalyze the Second reaction of 
interest in the cell. 



re to a 



e further recombinant 
pibinant genes that 
he second reaction 
revious 
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19. A modified form of A cell, wherein the 
modification comprises a metabolic pathway evolved by 
recursive sequence recombination. 
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20 . A method of optimizing expression of a 
gene product, the method comprising: 

recombining at least first and second DNA 
segments from at least one gene conferring ability to 
produce the \gene product, the segments differing from 
each, other ih at least two nucleotides, to produce a 
library of recombinant . genes; 

(2) \ screening at least one recombinant gene 
from the libraW that confers optimized expression of the 
gene product relative to a wildtype form of the gene; 

(3) recombining at least a segment from the at 
least one recombinant gene with a further DNA segment 
from the at least \one gene, the same or different from 
the first and secofad segments, to produce a further 
library of recombirffc 

(4) screening at I^ast one further recombinant 
gene from the f} 
confers optimi: 

relative to a /previous recombinant gene; 



ibrary o^ recombinant genes that 
.ity to produce the gene product 



(5) 

the further re 
optimized ability to ex; 



repeat nkig (3) ar 



gene cor 
:ess tlae 



(4) , as necessary, until 

:ers a desired level of 

j 

\gdne product . 



21. \ The method of /claim 20, wherein the at 
least one gene Encodes the^ cp&ne prAduct . 



22. Th^nieth<5d Af claim \y, wherein the at 
least one gene is a vector dbmprising^ a gene encoding the 
gene product . 



23. The method of blaim 2<i, \herein at least 
one recombining step is performed in vivo. 



24. The method of claim 2/3, wherein the 
recombining step is performed in\a host cell wherein the 
gene product is expressed. \ 



\ 

1 2\5 . The method of claim 2Qf, wherein the at 

2 least one gene is a host cell gene and wherein the host 

3 cell gene doe\s not encode the gene product. 

1 2 6 . \ The method of claiiry2 0, wherein 

2 optimization results in increased expression of the gene 

3 product, \ 

1 27. ^method of evolving a biosensor for a 

2 compound A of interest, the method comprising: 

3 (1) reopmbining at least first and second DNA 

4 segments from at lekst one gene conferring ability to 

5 detect a related compound B, the segments differing from 

6 each other in at least two nucleotides, to produce a 

7 library of recombinant genes;,-" ^ 

8 (2) screening at least oire recombinant gene 

9 from the library that &qnfers optimize^ ability to detect 

10 compound A relative to M wildtype form \?f the gene; 

11 (3) re combining at lAist a segment from the at 
,12 least one recombinant gene with/ a Vurther DNA segment 

13 from the at least orle gerie, thef same or different from 

14 the first and seconfl segments,/ to produce a further 

15 library of recombinant genes;/ \ 

16 - (4) screening aft /least one further recombinant 

17 gene from the furtheW libra Jy of recombinant genes that 

18 confers optimized ability tto ^detect compound A relative 

19 to a previous recombinant geney 1 

20 (5) repeating (3) akd (4) ,! as necessary, until 

21 the further recombinant gene confers a desired level of 

22 optimized ability to detect compound A. 

1 28. The method of claim 27, wherein 

2 optimization results in increased Amplitude of response 

3 by the biosensor. \ 

1 29. The method of claim ^7, wherein compound A 

2 and compound B are different. \ 



